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Abstract: By integration of remote sensing images analysis, geology, geomorphology,
hydrogeology, geophysical method, and drilling data, the paper illustrates the structure tectonics,
causes, and initial mechanism of a sinkhole forming in Bang Lung, Cho Don, Bac Kan province.
The NE-SW normal slip faults are an essential fault system in the area, which created Bang Lung
graben valley. This fault system also forms large fracture zones, creating advantage conditions for
the groundwater runoff both vertically and horizontally to eroded and dissolved carbonate rock-
forming underground Karst caves. These are favorable natural conditions for forming a sinkhole.
The sinkhole hazard in the Bang Lung area is initiated by some main factors such as tectonic activity,
thickness, and characteristics of unconsolidated sediment layers, groundwater fluctuation, karst
caves, and human activities. The most human impacts are mining exploitation and agricultural
cultivation that promote sinkholes occurring faster and earlier. The horizontal and vertical
movement of groundwater dragged the material on the ceiling karst caves into ground spaces.
Thereby, weakening the cohesion of the unconsolidated sediment above caves leads to gravitational
unbalance and creates a sinkhole. This study has also shown potential sinkhole areas in Bang Lung,
which helps the authorities and local people in sinkhole prevention and mitigation mission.
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CAu tric kién tao va moi lién quan dén tai bién sut dat
khu vuc Bang Liing, Chg Pon, tinh Bac Kan

Bui Vian Thom, Tran Quoc Cuong Lai Hop Phong
Tran Trung Hiéu, Nguyén Puc Anh

Vién Pia chat, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
Ngé 84 Chila Lang, Pong Pa, Ha Ngi, Viét Nam

Nhan ngay 26 thang 4 ndm 2020
Chinh sira ngay 21 thdng 11 nam 2020; Chap nhan dang ngay 01 thdng 12 nam 2020

Tém tit: Bang to hop cac phuong phap phén tich anh vién tham, dia chat, dia mao, dia chét thuy
van, dia vat 1y, tir cac s liéu 16 khoan dia chét cong trinh, budc dau da lam sang t6 ddc trung cau
trac kién tao, nguyén nhan, co ché cia tai bién syt dat trong khu Bang Ling, Cho Pon, Bic Kan.
Céc durt gdy phuong DB-TN la dut gdy quan trong hoat ddng theo co ché truot thuan tao nén triing
Bing Liing dang dia hio ciing phuong. Bén canh d6, hoat dong ctia cac dirt gdy tao nén cac déi dap
v dat da 16n doc theo chiing, tao tién dé cho cac dong chay ngam luu théng ca chiéu dung 1an chiéu
ngang, thic day qua trinh rira liia-hoa tan trong da voi hinh thanh cac hang dong, ranh karst, ranh
ngam. Pay la nhitng diu kién tuy nhién thuan lgi cho phat trién tai bién sut dat. Cac nhan t6 anh
huong, nguyén nhan, co ché sut dit tai Bang Liing da dugc chi ra la hoat dong kién tao, chleu day
va ddc diém 16p trdm tich bé roi, hoat dong nudc ngam, phan bd cac hang dong karst ngam va tac
dong nhén sinh. Tac dong nhén sinh gom khai thac khoang san va canh tac néng nghiép thic day
hién twong sut dat xdy ra nhanh va s6m hon. Qua trinh chuyén dong ciia dong chay ngim theo chiéu
ngang va sy thdm thau cua dong chay theo chidu thang dung da 161 kéo cac vat liéu trén tran cac
hang karst, tir d6 da lam suy yeu do gdn két ctia trim tich bo roi phia trén hang dong dan den mat
can bang trong luong va gy sut dat. Két qua nghién ctru ciing da chi ra nhitng khu vyc tiém an nguy
co sut dat tai khu vuc Bang Liing, hd trg cong tac phong chong va giam nhe thiét hai do sut dat
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trong vung.

Tir khéa: Sut dat, hang dong karst, dut gay kién tao, mé Chg Pdn, Bic Kan.

1. Mé dau

Khu vyc Bang Liing va lan cin, trong nhiing
nam qua, hién tugng sut dat xay ra kha phd bién
da gay thiét hai dang ké vé kinh té, gay hoang
mang lo s¢ cho dan cu trén dia ban. Pac biét 1a
tr nam 2008 tr¢ lai ddy, tai cac thon Cbc Thir,
Ban Na Tum, Thi trin Bang Liing va Ban Tan,
huyén Cho Ddn, di lién tiép xay ra sut dét tao
nén cac hd sut, sau nhét ti hang chuc mét, rong

" Téc gia lién hé.
Dia chi email: tgcuong@igsvn.vast.vn
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4-5 m trén cac dong ruong, ao ca va ca ngay trén
duong tinh 16. Chinh quyén dia phuong di phdi
hop v6i cac sé ban nganh cua tinh va cac co quan
nghién ciru (Vién Pia chat va Khoang san cua
B6 Tai nguyén va Moi truong; Vién Dia chét cua
Vién Han lam Khoa hoc va Coéng nghé Viét
Nam), dén khao sat, nghién ciru danh gia so bd
vé hién trang, nguyén nhan giy sut dat ¢ day.
Dang chu y 1a da c6 cong trinh nghién clru cua
Db Minh Dtrc [1] va Nguyén Vin Diing [5] da
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dé cap dén co ché va nguyén nhan gay sut dét va
dé xuat cac giai phap sut, lun dit & Bang Liing.
Céc két qua nay budc dau da lam giam bt sy bat
an cta nhan dan va c6 nhimg két qua so bo vé
nguyén nhdn xdy ra sut dat. Tuy nhién, cac
nghién ctru méi chi tap trung di sdu vao dia chat
cong trinh va tac dong cia khai thac khoang san
con cac nhan td khac tac dong dén sut dét chua
danh gia ddy du va méi chi tép trung nghién ctru
tai nhitng noi di xay ra tai bién chung va sut dat
n6i riéng. Do vay, dé c6 thé tién t6i khoanh viing
du bao nguy co tai bién thi can phai nghién ciru
chi tiét. Trong d6 danh gia tong hop cac nhan t6
anh huong dén sut dét, cac dic trung vé céu trlc
dia chat va hoat dong kién tao va diéu kién dia
chat thity vin ciing nhu tic dong cua con ngudi
n6i chung trong khu vuc. Pay 1a viéc 1am can
thiét gitp cho cic nha quan 1y, quy hoach lanh
tho t6t hon va phat trién bén viing kinh té- xa hoi.
Trong hai dot khao sat (ndm 2017, 2018) chi tiét
va tham khao cac két qua nghién ctru trude day,
dén nay chung toi da c6 nhimng két qua dang tin
cay vé dac trung cAu trac, kién tao, diéu kién dia
chat thuy van ciing nhu anh huéng cia ching
dén tai bién sut dat trong khu vuc.

Pham vi nghién ctru 1a khu vyec thi tran Béng
Liing va cac xa lan can huyén Chg Pbn tinh Béc
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Kan. C6 khung toa do 1050 32° 53” - 1050 36’
37 kinh d¢ dong, 220 8’ 477 -220 11° 44” vido

béc (Hinh 1).

105° 32’ 53”

Ban Tan

X. Ngoc Phai

Coc Thir

B. Tum

»

~

ol

"
. 220
o 08’
47"
105°36" 377

Hinh 1. Khu vic nghién ctru (Thj trin Bang Liing,
x& Ngoc Phai, huyén Chg Don, Bac Kan).

7
P
¥
s, £ !
¥
D -Dccx, =S DiD.cox,
D,.D,cex, ¢ ‘
g :
G !
@
Q w8 ,(aT;u)
L ] \
' D, D,ecx, =
i > / WP -
> / i
i - e frie R -~
e __a 5 /
= W X { |
g Q LD -Dycen, i/ 71 1 4
7 o >
10£° 33° 00" / P ad € o ;< OSpm,
230 33 = - 24 3 — o

He ring De o
D3t sét pha cdt, cit. cudi s6i mau vang niu
He tang Coc Xo

[BeBmn] G6m a3 voi mau nau. i hoa mau rang dang dii xen da phien xerixit mau xam. phien silic. 16p

mong sét voi. cat ket chua voi

[BEBE] P4 phien xerixit mau xam. x4m phor luc. xen ISp mong phien thach anh thau kinh cdr ket sér
vOi vA di voi mau xam. phién sét than mau den

He ting Phu Ngo

D3 phién thach anh fenspat- biotit, muscovit mau x4m xam. xen Iop méng car két quaczit

Phac hé Cho DSn

[ Pha 2: Sienit hat nhé  sdng mau c6 biotit. sienit aplit. siénit pecmarit
[ P~ 1:Sienit piroxen hat trung. siénit thach anh piroxen va cdc d4 lai tinh.

[##===1] Gic @ai mach. cac thé ruome granit hai mica hat nhé. granit aplit granit- pecmatit va granit granofi:

Gabro diorit khdng phan chia
uoay
II] Vi tri cac hS sut

Hinh 2. Ban dd dia chét khu vire Béng Liing va lan c4n ty 1& 1:50.000
(Ban do6 dia chat va khoang san t& Phia Khao [2]).
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Trén ban dd dia chat 1/50.000 [2] c6 cac
thanh tao dia chét chinh sau: Hé téng Céc X6
(D1-D2cx) (theo ban db Dia chit va khoang san
1/200.000 [3] 1a hé ting Phia Phuong- D1pp va
Mi Lé —D1 ml). Hé tang Coc X6 c6 nhiéu tap véi
thanh phan chinh gdm d4 voi phién sét voi, phién
sericit; Hé D8 ttr, gdm cat, cat pha, cudi, s6i mau
vang. Ngoai ra, ¢ phia dong nam con 16 ra mot
sb dién tich nho gém ¢6 céc thanh tao tram tich
luc nguyén-cacbonat thuéc hé ting Phu Ngit
(O3 - S1 pn) va cac phirc hé magma xam nhap
granit (phtrc hé Phia Bioc; Cho Pon cling voi cac
dai mach cua chung) (Hinh 2).

2. Co s6 tai li€u va phwong phap nghién ciru
2.1. Co so tai liéu

Anh vé tinh nhu Landsat véi do phan giai
15 m-30 m, céc anh thu thép tir Google Earth va
anh ra-da v¢ tinh Cosmos Skymed d¢ phan giai
3 m, kénh X chyp ndm 2019; Ban dd dia hinh ty
18 1/10 000, toa d6 VN2000; Ban d dia chat va
khoang san t& Phia Khao ti 1€ 1/50.000 [2].Cac
s6 liéu nay do dé tai VT.UD.05/18-20 thuc hién
voi 06 tuyén do dia dién, 05 156 khoan Dia chit
cong trinh, quan trac nudc dudi dat va dic biét la
CaC két qua thu duoc thong qua cong tac thuc dia
vé cac dic trung dia hinh, dia mao, dia chat, dia
chét thuy van, kién tao, hién trang sut dt.

2.2. Cac phwong phap nghién ciru

Phuong phap vién tham: nghién ciru giai
doan mit thuong cac anh vé tinh quang hoc da
thoi gian, anh ra-da vé tinh nham xac dinh cac vi
tri xay ra tai bién (cac hd sut, truot, 19,...), chinh
xac hod ranh gi6i giita cac loai dat da khac nhau.
Dic biét 1a c6 thé khoanh ving ranh gi6i trim
tich aluvi voi d4 gdc clg chic, hodc giai doan
cac lineament, cac dau hiéu dich truot, cac vach
déc dimg, cac di thuong dia hinh, dia mao trong
khu vyuc phuc vu trong viéc nghién ciru hién
trang sut dat va mot s6 hoat dong tan kién tao
trong khu vuc.

Nhom céc phuong phap nghién ciru dia chat-
kién tao: bao gom cac phuong phap phan tich dia

chét thach hoc dé xac dinh dic diém phéan bd va
thanh phﬁn thach hoc - khodng vat cua dat da;
phén chia cac nhom dat da, xac dinh cac nhom
dat d4 lién quan toi sut dét.

Phan tich dia hinh dia mao khu vuc nham xéac
dinh cic dang dia hinh dia mao va mdi quan hé
gilra ching voi sut dét. Phuong phap nghién ctu
vat 1y kién tao, nham lam sang to cac diéu kién
dia chat- klen tao c6 mdi quan hé anh hudng téi
sut dat: gdm nghién ciru cac hé thong dit gay
kién tao, cac d6i cAu trac tan kién tao, cac biéu
hién hoat dong va mbi quan h¢ cua chiing véi
sut dat.

Cac phuong phap nghién ctru dia chat thuy
van: nhdam muyc dich danh gia mdi quan hé nhan
qua giita diéu kién Dia chat thuy vin bao gdm
dac diém va phéan vi, mic d chira nudc, dong
thai nudc dudi dat, danh gia hoat dong khai thac
nudc ngam va anh huéng cua chung dén sut dat.

Phuong phap dia vét Iy: nham xac dinh cac
cAu trac siu trong khu vuc déc biét 1a xac dinh
chiéu day 16p tram tich, vo phong hoa, céc hang
dong karst. Trong ving nghién ctru da t1en hanh
do v& 6 mit cit dia dién cit qua cac khdi cu tric,
va tham khao két qua do tir cac tai liéu trude day
ctiia Vién Khoa hoc Dia chét va Khoéang san, trén
co s d6 da xac lap cac bé mat can nghién ciru
nhu bé mit da gdc, chiéu day 16p tram tich, cac
déu hiéu dut gdy, cac doi chira nudc.

3. Két qua nghién ciru
3.1. Bdc diém dia hinh, dia mao khu vuc

Ving nghién ciru chu yéu 12 dia hinh doi, nai
cao, xen k& cac dai triing voi dic diém dia mao
khac nhau:

Dia hinh nti da voi phan bé chu yéu 0 khu
vuc phia dong, déng nam ving (Phleng Liéng,
Na Tum, thi trdn Bang Liing), gdm cac dai ndi
kéo dai theo phuong DB - TN, d6 cao trung binh
600-1000 m. Thanh phan chii yéu 14 d4 voi phan
16p, sét voi va phién sét voi. Doc hai bén suon la
cac vach ddc dung phan anh kha rd hé théng khe
nut va dut gy trong khu vuc. Qua trinh dia mao
chu yéu la hoa tan va rira Iii tao nén cac dang dia
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hinh karst khac nhau (phéu, hd, hang ddng, cac
khe hém dang canhon va canh dong karst).

Dia hinh ndi cdu tao bdi da trdm tich luc
nguyén (cat két, sét két, da phién sét) phan bd
chu yéu phia tdy, tdy bic ving (Ban Om,
Na Bua, Ban Tan) bao gdm céac dai ndi 16n
phuong 4 kinh tuyén va BB - TN, cao tir 700 m
giam dan xu6ng 300 m va thap dan vé phia dong
va dong nam. Qua trinh xam thyc - béc mon la
chinh tao nén céac dia hinh dang ddi voi suon 16i
hodc théng, dd6 dbc suon khoang 25-30°, dinh
kha tron va bang phang. Suon phia dong nam ciia
dai nui nay bi hé thdng cac khe sudi nhanh
phuong TB - PN chia cit tao nén cac vai nai co
d6 cao thap dan vé phia DN. Tai phia tiy nam
Ban Tan gip cac khdi nti da voi phan bd xen k&
v6i cac dai nai da tram tich luc nguyén.

Dia hinh triing Coc Thir - Ngoc Phai, dai 7
km, rong 300-400 m phuong DB-TN (15°) va
dugc khong ché boi cac dai nii ¢ hai bén, trung
tam triing gdm cac dang dia hinh tich tu aluvi.
Triing chia lam hai doan, doan dau tir Ban Om
dén Ban Cdc Thu, triing thé hién dang dia hao
kha 1o nét voi hai bén ria trliing 1a hai dit gay
thuan khdng ché tao nén bé mat tring kha bang
phéng duoc phu béi 16p tich tu aluvi day tir 3-20 m
(gdm cac bai bdi, thém soéng, va vo phong hoa).
Poan tiép theo tir Coc Thir dén Ban Tan triing
gdm tap hop céc triing nho ké tiép nhau theo
phuong 25° va bi cac dut gdy phuong a kinh
tuyén cit xé, triing duoc phu béi 16p tram tich
hdn hop aluvi va proluvi véi chiéu day 3-8 m.

Triing Bang Liing c¢6 phuong 4 kinh tuyén
dai 5 km, duoc khdng ché bai hai dai ndi cao hai
bén, trung tAm triing 1a ddng bang dang ddi xen
kep céc tich tu nho, ddy triing khong bang phang
va bi 16i ¢ gitta dong thoi lam duong phén thay
phan chia giita hai h¢ thong song Ban Dudng &
phia nam va séng Khau Can ¢ phia bac.

Dia hinh ¢ hai bén va trung tm triing ciu tao
boi da voi, da sét voi xen 13n da cat, sét, bot két.
Vi vay hoat ddng rira liia, hoa tan va xen voi xam

thyc boc mon dién ra chu yéu & trén cac nai d4
voi c6 thé quan sat thay nhi€u hang dong karst
(nhu 6 Ban Om, Na Tum, Ban Tan,... ).

3.2. Bdc diém hoat dong tan kién tao

Khu vyc Bing Liing va lan can nam trong
d6i céu triic Lo-Gam thudc mién udn nép Pong
Bic Bo duge ¢ két vao Caledoni mudn [6, 7].
Trong giai doan Mezozoi bén canh sy hoat dong
nang lén la qué trinh syt lan doc theo cac dut gay
16n va dugc tich ty cac trim tich mau do (J-K),
chua than (Tsn-r). Hoat ddng magma xam nhéap
cling phat trién manh doc theo cac doi dut gay:
Phitc h¢ Phia Bioc (yTspb) va Phia bioac
(yK2po). Dén giai doan Tan kién tao (Kainozoi)
toan ving trai qua hai pha kién tao chinh [4, 8].
Pha sdm (truéc Oligocen) hoat dong nang dang
khéi tang, phan mong két tinh trdi 19, bi béc mon
manh mé, va 10 ra cac thanh tao Paleozoi,
Mezozoi kém theo do 1a hoat dong magma xam
nhdp tré Paleogen xay ra phd bién, _phirc h¢ Cho
Pon (yEcd). Budc sang pha kién tao mudn
(Pliocen-bBé tir) hoat dong kién tao mang tinh
chat ké thira toan viung duoc ning manh dang
khéi tang khong dong déu ma tao nén cac bac véi
bién d6 khac nhau: 500-700 m, 300-400 m, trén
dia hinh thé hién nhimng day nui dang dia liy kéo
dai theo phuong 4 kinh tuyén va PB-TN. Trén
dinh cua cac ddy nai nay con sét lai cac mang bé
mat san béng & dd cao nhu trén. Bén canh hoat
dong nang hoat dong ha lun dang dia hao dugc
lap ddy bai cac thanh tao tram tich Pé tir cling
kha phd bién doc theo cac déi dut giy. Trong s6
d6 c6 hai triing 16n Céc Thir phuong DB-TN
(15-20°) va triing Bang Liing phwong 4 kinh
tuyén (0-10°). C4 hai triing nay bi khong ché boi
cac dut gay thuén cung phuong, ddy tring kha
bang phang va duoc lap day boi cac thanh tao
tram tich Dé tir v&i chidu day tr 5-20 m
(Hinh 3, 4). Hai bén triing la cac vach hodc suon
débc 16 cac da cb tuong ddi rén chéc.
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Hinh 3. Mit cit dia chat qua thon Cdc Thir (vi tri mét cat thé hién tai Hinh 8).
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Cao dé ty nhién (m)

Gid tr dién trér sudt (Qm)

B0 %8 %09

A

IRV DA NNNNAN AN DOHNANON N AN NNHNDDD

Hinh 4. Két qua do siu dién tr¢ tuyén T1, khu vy thén Coe Thir, thi tran Bang Liing, Chg Don
(vi tri tuyén do thé hién Hinh 8).

[=]

Concentratons
% of total per 1.0 % area

Fisher

000~ 200%

200~ 400%

400~ 0800%

800~ 300%

8.00~1000%

1000~ 1200%

4 1200~ 1400%
1400~1000%

& 1000~ 18.00%
1800~2000%

No Bas Corecton
—Max Cono = 174334%
Equal Angle
Lower Hemsphere
15 Poles.

15 Entries

[ b ]

Concentratons.
% of total per 1.0 % area

000~ 200%
200~ 400%
400~ 8.00%
800~ 800%
8.00~ 10.00%
10.00 ~ 12.00 %
c 1200~ 14.00 %
14.00 ~ 18.00 %
16.00 ~ 18.00 %
18.00 ~ 20.00 %

No Bias Correction

Hinh 5. Biéu d6 cau biéu dién sb liéu diém do khe nut trong d4 voi, sét voi tai Ban Om (diém D1)
(a-mat d6 khe nirt kién tao chinh; b-hé khe nirt chinh phan anh dut gay).
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Equal Angle
Lower Hemisphere
15 Poles
15 Entries

Hinh 6. Biéu d6 cau biéu dién s6 liéu diém do khe nitt trong d phién, phién sét tai Coc Thir (diém D2)
(a-hé khe nut kién tao chinh; b-hé khe nut chinh phan anh dat gay).

[b]

Concantrations
% of totsl per 1.0 % ares

0.00~ 250 %

Hinh 7. Biéu do cau bicu dién s6 liéu diém do khe nut trong d4 voi, sét vi tai thi trin Bang Liing (D3)
(a-hé khe nut kién tao chinh; b-hé khe nirt chinh phan anh duat gay).

Két qua phan tich khe nit kién tao trén cac
thanh tao da voi, sét voi & Ban Om, Céc Thir va
thi trin Bang Liing (Hinh 3, 6, 7) ciing x4c dinh
dugc dit giy chinh, trang thai ing suét kién tao
va tinh chét hoat dong cua cac dut giy & day.

Céc hoat dong pha huy cta cac dit gy tuong
dbi phirc tap va manh mé, trong d6 dut gay Song
Day [8]; hay con goi la dut gdy Cho Pon theo
Ban dd DPia chéat 1/200.000), doan c6 phuong
DB-TN (15-25°) 1a dut gay chinh trong khu vuc,
nam & ngoai (phia tiy) ving nghién ciru. Trong
pham vi nghién ciru, tir cac két qua nghién ctru
vé dia chat, dia mao, dia chat thuy vén, kién tao
vat 1y, thiét d6 16 khoan va dia vat Iy cho thiy ton
tai hang loat cac dut gdy bac cao véi cac phuong
chinh: DB-TN (dut gdy BL1, BL2, BL3, BL4,
BL5 va BL6) va 4 kinh tuyén (Hinh 8).

Put giy BL1 kéo dai tir Ban Coc Thir qua
khu vue Ban Om véi chiéu dai 3,5 km, [am ranh
gidi gitra triing tich tu P& tir & bén canh dong
nam va dia hinh ndi cao c6 cac vach doc dimg
kéo dai theo phuong cua dut gy, ciing ¢ phia
bén canh tdy bac con xuét hién nhiéu hang dong
karst trong d6 hang cao nhit phat hién duoc nim
& d6 cao khoang 20 m (hang Ban Om), tiép dén
12 hang & d6 cao twong d6i khoang 3-4 m, tuong
dwong v6i thém tich tu - boc mon bac 2. Ngoai
ra doc theo dut giy BL1 phat trién hang loat cac
triing tich tu D¢ tir dang dia hao theo phuong a
kinh tuyén, phan anh tinh chit truot bang trai cua
dut gdy. Ngoai ra doc theo dirt gy trén déu co
bieu hién cta cdc dau hiéu dich truot rat rd
(Hinh 9, 10). Nhu vay dut gdy BL1 trong giai
doan mudn (Pliocen-DB¢ tr) hoat dong theo trugt
trai thuan.
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Hinh 9. So db phan bé dirt giy va cac dang tai bién khu viee Coe Thir: 1) Dt gay thuan;
2) Put gay theo tai lidu thuc té; 3) Dt gay theo tai liéu dia vat 1y; 4) HS sut theo tai lidu thuc té;
5) Ho sut theo giai doan anh; 6) Nut dat; 7) Truot 1o dat; 8) Hang karst khd; 9) Vach kién tao;
10) L5 khoan va s6 hiéu; 11) Viing c6 nguy co sut dét cao; 12) Tuyén do dia vat 1y.

Dut giy BL5 kéo dai tir ban Na Tum dén ban
Phiéng Liéng dai khoang 2 km va lam ranh gi6i
tran tich Dé tir phia tdy bic v6i dai dia hinh nui
d4 voi ¢ phia déng nam. Biéu hién hoat dong cua
dut gdy ciling thé hién rd boi cac mit truot va cac
vach da voi doc ding kéo dai theo phuong
PB-TN. O khu vuc ciu qua sudi Khau Can &

thon Cdc Thir con quan sat thdy ré doéi khe nut
tach phuong DB-TN cua dut gay BLS5 (Hinh 11).
Trong pham vi triing Coc Thir con c6 cac dit giy
BL3, BL4 niam dudi 16p phu tram tich D¢ tu,
dugc phat hién bang tuyén do dia vat ly.
Tuy nhién ¢ trén bé mit ciing quan sat kha rd boi
chudi cac hé sut dat kéo dai cing phuong.
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Hinh 10. Mt truot va hudng dich chuyén cua dut giy

BLI ¢ khu vyc Ban Om (Piém D1, xem Hinh 8).

Céc dut giy BL1, BL2 va BL4, BL5 két hop
véi nhau tao nén hai déi dap v& kha rd theo
phuong DB-TN. Nam trong hai d¢i nay ngoai
cac tuyén do dia vat ly da xac dinh duoc ddi dap
vd trong d4 gdc nam dudi 16p phi Dé t thi trén
mit su hoat dong cua cac dit giy nay dugc thé
hién su c6 mat day cac ho sut dat, hién tuong nirt
dat, nat nha & Phiéng Liéng, nit dat & doan
duong 254 khu vuc xa Ngoc Phai (461 Na Tum -

Hinh 11. B6i dat gdy BL5
(ban Coc Thir - Biém D6, xem Hinh 8).

Ngoc Phai) va nirt dat & doan duong 255 & thon
Coc Thir (d6i Coc Thir - Ban Om).

Cac @it gay chinh ¢ cac triing Ban Tan: BL9,
BL10 va thi trdn Bang Liing: BL11, BL12 thé
hién rd trén dia hinh; la nhiing duot gdy thuin
khéng ché cac triing tich tu B¢ tor va déu c6 xac
dinh dwoc mit truot, vét xude trén cac da géc.
Ngoai ra con xuét hién cac hd sut dat va cac hang
karst phat trién doc cac cic dit gdy chinh
(Hinh 12, 13).

Mat truot DG: 225/55

Hinh 12. (A) Mt cta khe nit chinh tring voi dit gdy BL-4 (Ban Tan - Diém D4); (B) Mit truot va huéng dich
chuyén cta dat gy nhanh (Ban Tan - Biem D4 ); (C) Mt ctia khe nirt chinh trung véi dat gay BL-2
(Ban Tan - Biém D5); (D) Mat truot va hudng dich chuyén cta dit gy (Ban Tan-Biém DS).
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Hinh 13. (A) Chuyén dich tr4i thuan cta cac dut giy (Ban Om: 1. Dut gy chinh; 2. But gay phu; 3. But gdy thuan;
) 4. Tich ty aluvi - aQ; 5. Proluvi-pQ; 6. HO sut);
(B) Chuyén dich trai thuan cua cac dit gay (Ban Tan: 5. HO sut; 6. Moong khai thac khoang san).

Hé dut gay phuong TB-BN, phan bd rai rac
trong khu vuc, thudng cé quy mo khong 16n voi
chiéu dai tir 500 m dén 1500 m va két hop vai
dut gdy phuong PB-TN tao nén goéc nhon va
khéng ché cac triing tich tu Pé tir nho cing
phuong véi dirt giy, hodc bi cat boi cac dut
gdyphuong DB-TN va 4 kinh tuyén.

3.3. Bdc diém phan bé sut dat

Trén co sé diéu tra thuc té, thu thap cac thong
tin tir nguoi dan dia phuong, dic bi¢t 1a phan
tich, giai doan anh vién tham trudc va sau hién

105° 33' 30"

tugng sut d cho thay rd sy phan bd khong gian
clia cac hd sut 14 cac hd sut xay ra chi yéu trén
bé mit dia hinh ciu tao boi cac vat liéu bo roi.
Céc hé sut phan bd theo hai phuong: DB-TN va
4 kinh tuyén. Trong d6 phuong DB-TN thé hién
rd va c6 mat do va quy mo 16n hon. Quy mo cac
hd sut ton tai hai dang: cac hé sut don 1é ¢6
dudng kinh tir 4-10 m va chum cac hé (3-5 hd
sut) tao nén cac cum 16n c6 dudng kinh tir 15-40
m (Hinh 14, 15). Céc Hinh 13, 14 cho thay cac
hé sut duge tap trung thanh cac cum 16n va co
mdi lién quan toi hé théng dut giy.

Hinh 14. M6t trong nhiing hé sut quan sat tr anhv¢ tinh va trén thuc dia tai khu vyuc Cbc Thir.
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Durt gdy kién tao

Vi tri cik hé sut

Dirt gag theo tai licdu Diavat Iy

Hinh 15. (A) Cac hé sut tring véi hang karst va dirt giy kién tao (triing Ban Tan). Khung hinh nho 14 hang Karst ¢ vi
tri D4, Hinh 8; (B) Cac ho syt tap trung thanh cum 16n triing véi giao nhau ctia dut gy (triing Coc Thir).

Hinh 16. Hang karst phat trién theo khe nitt trong da voi Ban Tan (vi tri D4, Hinh 8; Hinh 15A).

4. Thao luin

Tir nhimng két qua phén tich, danh gia vé hoat
dong kién tao trong khu vuc c6 thé dua ra mot so
nhan dinh sau:

4.1. Cdu tric kién tao va méi lién quan voi sut
dat khu vue Bang Liing

Khu vuc Bing Liing va lan cén vao thoi ky
trude Kainozoi da trai qua nhiéu giai doan nang
ha khac nhau dé hinh thanh hang loai cac thanh

tao d4 tir Paleozoi giita-Mezozoi (hé tang Phia
Phuong, Céc X6, Mi Lé, Hon Gai va cac phtrc
hé Phia Bioc va Phia Bioac trong giai doan tan
kién tao hoat dong nang manh ma bang chimg la
hau hét cac da trude Kanozoi déu 10 ra trén bé
mat dia hinh hién tai, ngay ca cac khéi magma
xa4m nhap ciing trdi 16 do qua trinh nang, bdc
mon- xam thyc. Hién nay, trén dia hinh con ton
tai 2 bac dia hinh chinh: 500-700 m va 300-400
m, trong bac 300-400 m con xut hién hang karst
khé nim & d6 cao twong d6i 20m phan 4nh
chuyén dong nang tuong dbi trong khu vuec.
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Bén canh chuyén dong nang, trong ving
cling xut hién céc triing ha lin tuong dbi: nhu
triing Coc Thtr, Ban Tan, va thi trdn Bang Liing.

Triing Cdc Thir 14 triing c6 dién tich 16n nhét
v6i chiéu dai 1km, rong 200-250 m. Trong triing
14 cac thanh tao trAm tich Dé t bao gém tram
tich aluvi song Khau Can day 2-4 m phu truc tiép
nén 16p vo phong héa ¢ 4-5 m c6 thanh phan 13
sét, sét pha, cat, san 1an cac manh dam vun da
gbc mau nau, vang va xam den. Theo mit cit Dia
vat Iy va cac tai liéu 16 khoan do dé tai
VT-UD.05/18-20 thuc hién, phén mong cua
triing 1a da voi, sét voi thudc hé ting Coc X0, bé
mit ciia chung khéng bang phang ma tao nén céc
g0 hodc dai da voi, sét voi kéo dai cung phuong
véi triing, xen voi cdc go nay la cic dai triing
trung v6i cac d6i dap vo dat da hodc cac hang
dong karst. Trong d6 c6 hai déi dap vo 16n va rd
nét hon cd la doi Coc Thir- Ban Om va d6i Ban
Na Tam- Ngoc Phai da dugc mé ta chi tiét ¢ trén.
Phia trén 1a 16p phu Dé tir, thuong c6 hai phan:
phén trén 1 cac thanh tao trAm tich aluvi (cudi,
s0i cat pha) ngudn gbc song, phan dudi 14 16p vo
phong héa voi thanh phan I dam, san xen 13n cat
pha, sét pha. Chiéu day chung thay d6i manh tir
5-60 m. Ciing theo tai liéu Dia vat ly da xac dinh
dugc cac dut giy phuong PB-TN va 4 kinh tuyén
nam dudi 16p phi Pé tir. Hai bén triing 13 cac
thanh tao dia chit cd thudc hé tﬁng Céc X6
(D1-D2cx), & nhidu doan hai bén triing 13 cac
suon dbc dimg. Ranh gi6i giita trim tich Pé tur
va da cb 1a cac dit giy thuan khong ché triing
tich tu nay. Nhu vy, triing dugc hinh thanh vao
giai doan D¢ tir theo co ché truot thuan tach cua
cac dut gy chinh phuong PB-TN va cac dat gay
nhanh cung phuong thude hé dut gay 1on cta doi
dat gy Song Pay da tao nén.

Triing Ban Tan, nbi tiép véi tring Coc Thir
vé phia tdy nam va ngin cach qua khdi nho da
gdc & khu vuc cudi thon Coe Thir. Triing ciing bi
khong ché boi hai dit giy phuong DB-TN, trong
triing 1a cac dai dia hinh am, duong dan xen nhau
theo phuong 4 kinh tuyén. Dai dia hinh am la cac
triing tich tu tram Dé tr c6 chidu day dao dong
tir 3-12 m ¢6 thanh phan tuong tu nhu triing Coc
Thir. Con dai dia hinh duong trdi 16 d4 gbc c6 do
cao tuong ddi khoang 5-20 m. Nhu vy triing

Bén Tan hoat dong manh, tinh phan di kha rd so
v6i triing tich Coc Thir.

Triing thi trAn Bang Liing, c6 ddc trung dia
hinh khéc véi hai triing Céc Thir va Ban Tan,
Triing c¢6 phuong & kinh tuyén chiéu rong
khoang 1 km, dai khoang 3 km, day triing khong
bang phang va trdi 16 mong da gbe (phién sét, da
v6i), chi c6 phan phia nam duogc phu boi 16p tram
tich B¢ tt mong tir 1-2 m. Hai bén triing 1a cac
dai dja hinh ndi cao va phat trién nhiéu vach da
v6i ddc dimg cao tir 10-50 m ndi tiép nhau theo
phuong 4 kinh tuyén. O déy, chil yéu 1a dut gay
phuong 4 kinh tuyén hoat dong c6 tinh chat trugt
thuan, tach. Ngoai ra con c6 mot sb dut giy
phuong PB-TN cit qua lam gian doan triing noi
trén. Nhu vay triing thi trin Bang Liing hoat
dong mang tinh chét tach sut v&i bién do sut lan
tuong ddi nho so v6i hai trung Coc Thir va Ban
Tan. Viéc hinh thanh cac triing gép phan lam cho
cac hang dong karst dugc hinh thanh trude
xudng dudi sdu va qua trinh tich tu cac 16p tram
tich bo roi phu 1én trén. Pong thoi cac triing nay
cung la noi tap trung nude ngam nhiéu hon tao
diéu kién cho qua trinh karst hoa tang 1én.

4.2. Phén bé karst va sut dat

Trong hé ting Cdc X6 c6 thanh phan da voi,
xen kep céac 16p hodc thau kinh da sét voi phén
16p vira chira bitum va graphit. Day ciing 1a tang
chira quang chi - kém, tang chtra nay thuong xdp,
gan két yéu tao diu kién thuan loi cho dong chay
ngim xam nhép, thudn loi cho hoat dong karst
hoa. Yéu t6 vira néu két hop véi hé thong cac doi
dap v& kién tao cung phuong véi than quing
(PB-TN) hinh thanh cac hang karst hep véi
chiéu rong tir 1-3 m kéo dai theo mit 16p. Diéu
nay c6 thé quan sét thay rat rd & khu vic moong
khai thac ¢ Ban Tan (Hinh 15A, 16) va cac hang
karst 1 thién & khu vuc thi trdn Bing Liing va
khu vuc Ban Om. Ngoai ra cac dit gy phuong
4 kinh tuyén cat qua cac thau kinh than quing
ddng thoi ciing cét qua cac hang karst tao su két
ndi cac hang nay voi nhau. Tai nhitng noi giao
nhau cua cac dat gay phuong DB-TN va & kinh
tuyén, hang thuong mé rong va sau. Bang chimg
14 ¢6 sy xuat hién tirng cum cac h sut lién nhau
gom tir 3 dén 4 hd tao nén hd sut 16n rong tGi
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20-30 m ¢ triing C6c Thur (Hinh 15B). Sy phan
b va phat trién clia cac hang karst sé 1a co so du
doan kha ning sut dat tiép theo trong ving
nghién cuu.

Nhu vay su hinh thanh ciing nhu phan b cua
cac hang da tuan theo quy luat chung: trung voi
phuong cua lop da voi, sét voi xen kep voi da
phién, phién silic, dong thoi ciing tring véi
phuong cta dirt giy 16n PB-TN. Trong d6 pho
bién va 16 hon cé 1a ¢ triing Coc thir hang karst
phan bd tap trung thanh hai dai: Céc Thir - Ban
Om va Ban Na Tum-Ngoc Phai. Con triing Ban
Tan tap trung thanh hai cum ndi nhau thanh mot
dai 16n phuong DB-TN.

4.3. Nguyén nhan va co ché sut dat khu viec
Bang Liing

Tu két qud phan tich hién trang sut, mat cat
dia chét, mat ct dia vat 1y qua vi tri sut, cac két
qua khao sat sy phan bd cac hang dong karst, cho
théy: tai cac triing Céc Thir, Ban Tan, thi tran
Bing Liing déu c6 cac hang dong karst, chung
phat trlen theo hai phuong chinh DB-TN va a
kinh tuyén. Ngoai ra, cac hd sut déu xay ra trén
bé mat dia hinh tich tu cic trdm tich bé roi véi
chiéu day méng (tir 5-25 m), cac thanh tao nay
phan 16n 1a cac vat liéu hat th6 gém cat, cudi, soi
va dam san nén c6 do gin ket yéu (Hinh 3). bay
12 mot trong nhirng nhan t6 chinh tao diéu kién
xay ra sut dat.

Tac dong ctia nude dudi dat dén sut dat ciing
dong vai tro quan trong & khu vuc nay. Két qua
khao sat, theo doi dong thai nude dudi dét & cac
hé sut, cic mong khai thac va nudc mit ¢ triing
Bang Liing cho thay nudc dudi dat phén bd trong
doi dap vo va trong hang karst ngam va ¢6 moi
lién quan chadt ché véi nuéc mat: Tai cac hé sut,
va cac mong khai thac vao mua mua myc nude
ngim dang 18n cao va ngang bang véi muc nudc
cua cac dong chay cua song (song Khau Can).
Con vao mua kho muc nudc ngam ha thap. Tir
két qua theo ddi dién bién cia dong chay ngam
trén cac mong khai thac, hd sut cting nhu dong
chay mit cho thiy dong ngam ¢6 xu thé chay
theo hudng tir dong bic xudng tay nam trung voi
dong chay mit. Theo tai liéu quan tric dong thai
nuée dudi dat cla dé tai VT.UD.05/18-20, nim

2019 ngay trong cubi mua mua cé sy bién dong
nudc ng?am kha 16n: tai LK Ngoc Phai bién do
muc nude ngam 18n t6i 9 m. Con tai Ban Tan
(LK Khubi Ngoai) bién do 1a 16 m. Cac dong
chay ngam nay thuong 16i kéo theo cac vt lidu
min b rdi, dy ciing 14 nhan t6 quan trong dan
dén sut dat.

Nhan té tac dong ciia con ngudi da thuc day
qué trinh syt dién ra nhanh va manh hon thong qua
viéc dao va khoan giéng khai thac nudc ngdm phuc
vu cho tudi tiéu trong cdc cum dan cu va cac khu
vuon cﬁy, thao kh6 mo do khai thac khoang san
khién gia ting van téc dong chay ngam tao didu
kién thuan loi cho qua trinh x6i ngam. O trén bé
mat viéc dao ao nudi ca lam giam do day cua lop
vat liéu bo roi ¢ phia trén, trong la nude cang lam
cho dt bi bio hoa nudc va ting trong lugng cia
tang phu, ting mic do tham thau va dong chay
thdm theo chiéu thang dung.

Nhu vay qua trinh sut d4t xuét hién khi co sy
luu thong manh ctia dong ngdm doc theo cac
hang (vao mua mua hodc do khai thac nudc
ngam manh thi van téc dong chay ngam cang
manh), qua trinh x6i ngdm rira trdi cac vat liu
hat min trong ting dat bo roi & ngay phia trén
noéc hang vao hang karst ngdm thong qua hé
thng khe nut, dap v&d. Qua trinh nay dan tdi sy
gan két cua cac 10p dat yéu dan va phat sinh
khong gian ngam trong 16p phu ngay trén noc
hang. Mat khac, & phia trén bé mit dat lai co
nude mat thuong xuyén vao mua mua do trong
lua, hodc dao ao nuodi ca lam cho tang dat phia
trén béo hoa nudc, tang tai trong, gan két kém.
Pong thoi dong chay thdm thiu thing dung tir
trén mat xudng tang nudc ngam ciing ting lén,
tao ra ap luc thuy dong van chuyén cac hat vat
liéu min theo chiéu thing ding. Két qua dan toi
su rira troi hat min cta cac 10p dit phia trén
xudng phia dudi khong gian ngam dan dén ting
d6 rdng va giam do bén cta tAng dat phia trén. Khi
thé bén viing cua 16p dat phia trén khong gian
ngam khong con nita, qué trinh sut dat s& xay ra.

5. Két luan

Triing Céc Thw, Ban Tan va Béng Liing
dugc tao nén boi qua trinh sut Iun va bi khong
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ché boi cac dirt giy phwong PB-TN va mang tinh
chét truot thuan trong giai doan D¢ tu.

Hoat dong cua cac dut gay da hinh thanh cac
d6i dap vo kién tao 1am tién dé cho sy phat trién
céc hang dong karst ngam ciing nhu su luu thong
nude dudi dat va nude mit. Cac hang dong karst
dugc phan b thanh timg dai theo phuong chinh
DB-TN trung v6i mat 16p cua cac tap da voi va
hé céc dut gay BB-TN.

Céc nhan té hang dong karst, dong chay
ngﬁm, vat li€u bo roi va tac ddng ctia con nguoi
(khai thac nudc ngam) 1a nhitng nhén td chinh,
quan trong quyét dinh dén hién tuong sut dat
o day.

Hoat dong sut dat vin dang xay ra tai nhimng
noi c6 chiéu day 16p pha Dé tr < 25 m: Triing
Cbc Thir gdm hai dai ¢6 tiém an nguy co sut (dai
Coéc Thua- Ban Om trong khoang toa do tir
22°10'19"- 22°11'22" vi 49 bic dén 105°34'34"-
105°34'54" kinh d¢ dong) va Ban Na Tum-
Trung tdm xa Ngoc Phai- tor 22°10'18"-
22°11'09"N"  vi d6 bic dén 105°34'41"-
105°34'59" kinh d§ dong). Triing Ban Tan co
mot dai 16n phuong PB—TN nhung tach ra hai
cum c0 toa do tim 1a 22° 9'23"N-105°34'16"E va
cum co tam la 22° 9'30"N - 105°34'20"E.

Noi giao nhau cta hai doi dut gdy phuong
DPB-TN va 4 kinh tuyén (ciing 13 vi tri hang karst
mo rong) thuong nguy co sut dat cao hon va quy
mo 16n hon.

Lo1i cam on

Bai bao hoan thanh 1a mot phan két qua
nghién ctru tir dé tai "Nghién ctru co s¢ khoa hoc
va dé xuit giai phap canh bao som tai bién sut
dat, truot 10, 10 quét, 1ii bun d4 mién Bic Viét

Nam bang cong nghé vién tham va dir liéu vé cau
tric dia chat” mi s6 VT-UD.05/18-20 thudc
Chuong trinh KHCN Viitry, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam.
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